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(54) Inflight ice detector to distinguish supercooled large droplet (SLD) icing 



(57) An ice detector (10, 10A, 50, 110, 150) has a 
pair of probes (16, 20, 16, 22A, 72, 74, 118, 126, 160, 
1 62), each of which is used for determining the accretion 
of ice thereon. One oftheprobes (20.22A, 74, 118, 162) 
in the assembly is configured so the ice accretion on the 
one (20, 22A, 74, 1 1 8, 1 62) probe is primarily from large 
(50 microns or greater) supercooled droplets. The ice 
accreting on the one probe (20, 22A, 74, 118, 162) is 
therefore biased to supercooled large droplets. The 



probes (16, 20, 16,22A, 72, 74, 118, 126, 160, 162) are 
connected to detection circuitry (32, 38, 36, 78, 84, 86, 
120, 128, 130, 174, 176) that will determine the ratio of 
the rates of icing (1 6, 20, 16, 22A, 72, 74, 118,1 26, 1 60, 
126) on each ice detector (10, 10A, 50, 110, 150) so the 
presence of supercooled large droplets can be deter- 
mined. 
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Description 

BACKGROUND OF THE INVENTION , 

[0001] The present invention relates to ice detectors, 5 
which detect the presence of supercooled large drop- 
lets, as opposed to normally encountered icing condi- 
tions with smaller droplets. In many cases aircraft ice 
protection systems are not designed to deal with super- 
cooled large droplets. 

[0002] Various ice detectors have been advanced in 
the prior art, and generally include a probe that is vibrat- 
ed at a resonant frequency, and which has circuitry that 
senses changes in frequency due to accretion of ice on 
the probe. 

[0003] These ice detectors work well, but cannot dis- 
tinguish supercooled large droplet icing encounters 
from smaller droplet icing encounters. For smaller air- 
craft in particular, which may have deicing boots or other 
ice protection devices on leading edges of airfoils, su- 
percooled large droplets will tend to accrete on surfaces 
that are aft of the boots, to a point where control surfaces 
may be affected. Since the accretion of the ice cannot 
be removed by the deicing boots, control surfaces that 
are affected may potentially become inoperable or inef- 
fective, resulting in loss of control of the aircraft. The 
present invention operates to detect both normal, small 
droplet icing conditions, as well as the supercooled large 
droplet conditions such that the two conditions can be 
distinguished. Aircraft crews can thus be made aware 
of supercooled large droplet icing conditions so they can 
take the special actions that these conditions may re- 
quire. 

SUMMARY OF THE INVENTION 

[0004] The present invention provides an ice detector 
for determining the presence of supercooled large drop- 
let icing conditions and the severity of icing conditions 
comprising a pair of probes mountable in an air stream, 
each of the probes being thereby subjected to airflow, 
one of the probes having a substantially larger trans- 
verse dimension than the other probe. The probes are 
constructed to have similar thermal capacity. 
[0005] The present invention comprises an ice detec- 
tor that will sense the presence of supercooled large 
droplets (SLD), in order to provide a warning that super- 
cooled large droplet icing conditions are present. Super- 
cooled large droplet icing may uniquely affect the oper- 
ability of the aircraft. In one embodiment of the invention 
the ice detector is formed with two probes, one of which 
is constructed and mounted so that it will be affected 
primarily by supercooled large droplets, which may 
cause unique icing when encountered, that is, a build- 
up of ice where it cannot be removed by the aircraft's 
ice protection system, while the other one of the probes 
will collect all sizes of droplets. By determining the ratio 
of icing rates of the two different probes, the presence 



of supercooled large droplets, that are primarily causing 
ice build-up on the one probe, can be determined. 
[0006] One specific embodiment according to one as- 
pect of the invention utilizes an air dam downstream 
from one of the probes, and the other of the probes is a 
stand-alone probe with a relatively small frontal area. 
The air dam preferably has a wall with a radiused lead- 
ing edge that is generally perpendicular to the airflow 
direction and the associated probe is just upstream from 
the leading edge wall. The frontal area of the air dam is 
several times that of the probe. The smaller droplets of 
supercooled water will tend to follow the air stream 
around the air dam, while the larger supercooled drop- 
lets, due to their inertia, will tend to impact the air dam 
surface or the ice detector probe upstream of it. 
[0007] The stand alone probe, with a relatively small 
frontal area, will serve as an efficient collector of all wa- 
ter droplet sizes in the air stream, but the probe in front 
of the air dam will be biased to collect the larger droplets. 
By determining the ratio of icing rates of the two probes, 
which are substantially identical, the presence of super- 
cooled large droplets can be determined. 
[0008] The air dam will be heated to prevent icing on 
the air dam surface. The influence of the heat on the air 
dam will be minimal on the large droplet detector probe 
in front of the air dam because the airflow is moving 
away from the upstream detector probe and the heated 
air does not strike the probe. 

[0009] A variation in another aspect of the invention 
is to use two probes of different transverse dimension, 
that is, ones is smaller than the other. In this variation, 
the functions of the air dam and its associated probe are 
essentially combined. 

[0010] The present invention also provides an ice de- 
tector assembly supported in a fluid stream carrying su- 
percooled water droplets, the supercooled water drop- 
lets ranging in size and including droplets that are large 
droplets, a first ice detector probe mounted to be part of 
the ice detector assembly in a position to collect a range 
of small and large supercooled water droplets, a second 
ice detector probe mounted to be part of the ice detector 
assembly and configured with the ice detector assembly 
such that as the number or large droplets in the airflow 
increases, the rate of ice accretion on the second probe 
increases relative to the first probe. 
[0011] The present invention further provides an ice 
detector assembly supportable in a fluid stream carrying 
supercooled water droplets and flowing relative to the 
ice detector assembly, the supercooled water droplets 
ranging in size and including droplets that are larger 
than other droplets, the assembly comprising a first ice 
detector probe mountable in substantially free stream 
conditions, a flow guide, a second ice detector probe 
associated with the flow guide such that the flow guide 
separates small droplets from the fluid stream striking 
the second ice detector probe without substantially af- 
fecting small droplets in fluid striking the first ice detector 
probe. 
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[0012] A further aspect of the invention discloses a 
flow channel that has converging side walls forming a 
contracting section leading to a narrow section flow 
channel, with a first probe located upstream of a second 
probe. A first probe is mounted at the beginning of the 5 
narrow section or slightly upstream in the contracting 
section. A second probe is mounted in the narrow sec- 
tion, somewhat downstream of the beginning of the nar- 
row section. It is known that the supercooled water drop- 
lets entrained in the air entering the narrow section will 
have different trajectories as a function of their size. The 
smaller droplets will essentially follow the air stream, but 
the larger droplets are delayed in responding to changes 
in airflow direction induced by the channel geometry be- 
cause of relatively greater inertia. This results in a fo- 
cusing or heavier concentration of large droplets a short 
distance downstream of the start of the narrow section 
of the channel, and the second probe is placed at the 
region where large droplets are concentrated. This lo- 
cation has an amplified sensitivity to supercooled large 
droplets. By determining the relative icing rate between 
the second probe and the first probe, which is located 
upstream of the supercooled large droplet focus area, 
the determination of the concentration of supercooled 
large droplets can be made. 

[001 3] The specific geometry of the flow chan nel and 
specific placement of the probes, which are substantial- 
ly identical, can be optimized using computational fluid 
dynamics software for parameters such as the airspeed 
range of the aircraft and the supercooled large droplet 
diameter threshold desired for detection. It will be rec- 
ognized by those skilled, in the art that the upstream 
probe may also be located outside of the channel. 
[001 4] The walls can have heaters to prevent icing on 
the walls, and the converging walls leading to the narrow 
section of the flow channel have bleed holes similar to 
those in known total air temperature sensors, to bleed 
off heated boundary layer air and prevent heaters from 
influencing the ice detector probes. 
[0015] In another aspect of the invention, two probes 
of different transverse size are used. The probes are 
both preferably circular cylinders, but one of the probes 
is substantially larger in diameter 'or cross section than 
the other probe. Probes of different cross section 
shapes can be used and the dimensions of the probes 
transverse to the airflow direction and transverse to the 
longitudinal axis of the probes will be different. 
[0016] The probes of this aspect of the invention are 
usually mounted on struts, and are subjected to the 
same air stream conditions. The smaller probe, as 
shown, is mounted so that the majority of its surface is 
outside of or away from the influence of any flow disrup- 
tion caused by the larger probe, which in this form, is 
mounted upstream from the smaller probe. The ice 
(droplet) collection efficiency, that is, the percentage of 
droplets directly upstream which impact and freeze rath- 
er than follow the airstream around the probe, for the 
smaller diameter probe is much higher for small super- 



cooled droplet sizes than is the collection efficiency for 
the larger diameter probe. As the supercooled water 
droplet size increases, the collection efficiency of both 
probes will increase, but the collection efficiency of the 
larger diameter probe rises much faster. Thus, the dif- 
ference in the respective ice accretion rate of the two 
probes will decrease as droplet size increases. Compar- 
ing the rate of ice accretion between the probes permits 
detecting potential supercooled large droplet condi- 
tions. 

[0017] In this aspect of the invention, both of the 
probes preferably have similar thermodynamic proper- 
ties to reduce or prevent variations in probe surface tem- 
peratures under transient environmental conditions and 
during warm up and cool down cycles associated with 
operation of probe deicing heaters. The design of the 
probes is such that it is desirable for each probe to have 
a mass and thermal capacity similar to the other probe, 
even though one is smaller size. For example, by mak- 
ing the large diameter probe thinner walled than the 
small diameter probe, similar mass can be achieved 
even with substantial differences in transverse dimen- 
sions of the probes. 

[0018] In a still further aspect of the invention, one 
probe is mounted ahead of the leading end of an airfoil 
shaped airflow deflector, and a second probe is mount- 
ed downstream of the trailing end of the flow deflector. 
The ice detector probes can be of conventional design, 
as before, and substantially the same size. The probe 
ahead of the leading end presents a frontal area that 
serves as an efficient collector of all droplet sizes of su- 
percooled water droplets in the airflow. Larger droplets 
which have higher inertia will tend to separate from the 
airfoil on the trailing end, and will strike the second probe 
or down stream probe. The airfoil shaped deflector is 
oriented at an angle to the airflow direction to provide 
the inertia! separation of the larger particles which strike 
the second probe. 

[0019] A comparison of the rate of change of frequen- 
cy between the probes used in each aspect of the in- 
vention can be made to distinguish supercooled large 
droplet conditions, and the rate of change of frequency 
itself will* indicate the 'severity of trie icing conditions, or 
in otherwords how rapidly ice is accreting on each probe 
and thus, the ice accretion rate on the aircraft. Further, 
the overall change of frequency can be correlated to the 
amount of ice that has been accumulated on the probes. 
The ice accumulation on the probes can be correlated 
with ice accumulation on critical aircraft surfaces such 
as the wing, engine cowl, and horizontal stabilizers, 
through analysis, or by wind tunnel tests. 
[0020] The probes can be magnetostrictive ice detec- 
tor probes using signal conditioning equipment, deicing 
provisions and software similarto that used with present 
probes, but the controller or processor used is pro- 
grammed to provide the ratios of rates of icing between 
the probes, to determine the presence of supercooled 
large droplets. 
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[0021] The term "large" droplet is typically defined as 
a droplet that is 50 microns in diameter or greater. Drop- 
lets that are smaller than 50. microns are small droplets 
or generally referred to as "droplets", without using the 
designation "small"; 

[0022] Droplet populations as seen in nature, as well 
as those artificially generated with spray nozzles are 
made up of a continuum of sizes. The aggregate size of 
the population is typically characterized by the median 
droplet diameter, or MVD, which is the diameter at which 
half the droplets in the population are larger and half are 
smaller. In practice, a droplet population with an MVD 
greater than 50 microns is generally considered to be a 
supercooled large droplet condition. The invention in ef- 
fect can be tuned to distinguish MVDs of 50 microns in 
diameter or greater, when sufficient quantities of these 
large droplets are present. 

[0023] The present invention further provides a meth- 
od of determining presence of large supercooled water 
droplets in an airflow having supercooled water droplets 
of a range of sizes, the supercooled droplets causing 
ice accretion on surfaces on which the supercooled 
droplets impinge, the method comprising providing two 
ice detector probes, configuring one of the probes such 
that inertial separation of droplets in the fluid causes a 
greater proportion of large supercooled droplets to im- 
pinge on one of the probes than the proportion of large 
supercooled water droplets impinging on the other 
probe relative to total supercooled droplets in the airflow, 
and determining the ratio of the rate of change of ice 
accretion on the two ice detector probes to detect pres- 
ence of large supercooled water droplets in the airflow. 

BRIEF DESCRIPTION OF THE DRAWINGS 



flow deflector between two ice detector probes; and 
Figure 1 0 is a side elevational view of the ice detec- 
tor system of Figure 9. 



[0024] 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Figure 1 is a side elevational view of an ice detector 
capable of differentiating the presence of super- 
cooled large droplets made according to a first form 
of the present invention; 

Figure 2 is a view taken generally along line 2-2 in 
Figure 1 ; 

Figure 3 is a side view similar to Figure 1 of a mod- 
ified form of the invention in which probe and air 
dam functions are integrated; 
Figure 4 is a side elevational view of a further mod- 
ified form of the ice detector of the present inven- 
tion; 

Figure 5 is a view taken as along line 5—5 in Figure 
4; 

Figure 6 is a front view of an ice detector made to 
another aspect of the present invention installed on 
the side of an aircraft; 

Figure 7 is a side elevational view thereof taken 
generally along line 7-7 in Figure 6; 
Figure 8 is a top view of the ice detector of Figure 6; 
Figure 9 is a top plan view of an airfoil shaped air- 
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[0025] Referring to Figure 1 , an ice detector of the 
present invention is indicated generally at 10, and it is 
mounted onto the sidewall or skin 12 of an aircraft. The 
ice detector is formed with a cylindrical strut 14 that is 
mounted onto the aircraft. Alternatively, the strut could 
be of a more aerodynamically shaped cross section. 
The strut has a first ice detector probe 1 6 protruding 
therefrom and extending laterally into airflow, the direc- 
tion of which is indicated by the arrow 1 8. A second ice 
detector probe 20 is positioned ahead of an air dam 22 
that is mounted on the end plate 24 of the cylindrical 
strut 14. The probes 16 and 20 can be substantially the 
same size and length, as shown. 
[0026] The air dam 22 has a radiused leading edge 
25 with a front surface 26. Tapered trailing walls 28 join 
leading edge 25 to smooth out turbulence and aid in air- 
flow patterns and continues surface 26 around the air 
dam 22. The air dam 22 can be hollow, and can include 
heaters indicated generally at 30 to deice the walls of 
the air dam. The probes 16 and 20, and strut 14 also 
can have deicing heaters thereon used in a conventional 
manner when ice has been detected. 
[0027] The first probe 16 is connected to a suitable > 
signal conditioning circuit 32 : which will provide excita- 
tion to the probe to cause it to vibrate at its natural fre- 
quency, which changes when ice accretes or accumu- 
lates on the probe. As the natural frequency changes, 
this change in frequency is sensed by circuit 32 to indi- 
cate that ice is accumulating. The greater the accumu- 
lation, the greater the change in frequency. Circuit 32 
then outputs a signal along a line 34 to a computer or 
other processing circuitry 36 that is used, as will be ex- 
plained, for determining not only that ice is accumulating 
on the probe 1 6 but also to compare the rate of accu- 
. mutation of ice, as indicated by the rate of change of 
frequency, with the output from a circuit 38 that is con- ^ 
nected to the probe 20. — 
[0028] The circuit 38 provides the probe 20 with exci- 
tation to vibrate it at its natural frequency, and provides 
an output when the frequency changes because of ice 
accumulation on the probe. The output from the circuit 
38 that indicates icing on probe 20 is along the line 40 
to the processing circuit 36. The outputs on lines 34 and 
40 are processed to determine the rate of change of therjl 
frequencies, which indicates the rate of ice acjcumula-Ml 
tion or accretion on the probes. This rate of change or <4 
rate of ice accumulation is compared between the two 
probes to determine the relative rate of accumulation 
between the two probes. 

[0029] The air dam 22 will be intercepting super- 
cooled water droplets carried in the airflow indicated by 
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arrow 18, and the smaller droplets in this airflow will tend 
to flow around the air dam 22 and the probe 20, while 
the larger, greater inertia droplets, which are super- 
cooled large water droplets, will tend to impact the probe 
20 or the air dam 22, rather than being carried around 
the air dam. The ice accreting on the probe 20 will be 
biased toward the supercooled large droplets, since the 
airflow separates to go around the air dam and the small 
droplets entrained will tend to be carried with the airflow. 
[0030] The stand alone probe 16, or in other words 
the probe that is not associated or affected by the air 
dam 22, will provide a small frontal area that serves as 
an efficient collector of all droplet sizes of supercooled 
water in the air, and thus will ice up at a higher rate than 
the probe 20, which is biased to collect the supercooled 
large droplets. 

[0031 ] The ratio of rates of ice accretion, between the 
probes will give an Indication of the presence of super- 
cooled large droplets. If there is little or no ice accreting 
on probe 20, while ice is indicated as present on probe 
16, the droplet sizes are indicated as being relatively 
small. The accumulation will be greater on the probe 1 6 
than on the probe 20. An increased ice accretion rate 
for probe 20 relative to probe 1 6 indicates an increased 
presence of supercooled large droplets. The positioning 
or spacing of the probe 20 relative to the front surface 
26 of the air dam 22 provides a bias of airflow that will 
cause the probe to be biased to collect larger droplets. 
[0032] While aircraft velocity also influences the 
probe accretion rate, the present device is relatively in- 
sensitive to changes in aircraft velocity, as compared to 
the effects of the air dam because the accretion rates of 
the two probes are ratioed. However, if velocity is avail- 
able from another source, such as an air data computer, 
for input into the ice detector signal processing circuitry, 
ice detector accuracy can be further enhanced. 
[0033] Another variant of the invention depicted in 
Figure 1 is also recognized. In this variant 10A, shown 
in Figure 3 probe 20 is eliminated and its function is in- 
tegrated into an air dam acting as a probe 22A. That is, 
the probe 22A is a large probe that has direct ice sensing 
capabilities and has an excitation and sensing circuit 
38A connected thereto. The probe 22A is effectively a 
larger version of the stand-alone probe 16, and is iner- 
tially biased to collect supercooled large droplets in 
place of probe 20. Processing to determine the ratio of 
ice accumulation rates for detecting supercooled large 
droplets is done in the same manner as with probe 20. 
[0034] Again, the relative size difference between the 
two probes 1 6 and 22A allows discernment of super- 
cooled large droplets due to inertia effects as reviewed 
previously. Also, the cross sectional shape of the probe 
does not have to be an airfoil, but can be a circular cyl- 
inder or other geometrical shape such as triangular, or 
other polygon. 

[0035] The processing circuitry 36 includes software 
that provides indications of the presence of the super- 
cooled large droplets, and can also provide warning sig- 



nals, or similar outputs to alert a pilot to conditions that 
can cause icing that would not be controllable by deicing 
boots or similar deicing equipment, particularly on small- 
er aircraft. 

5 [0036] Figures 4 and 5 show another aspect of the in- 
vention, and in this instance, an ice detector for deter- 
mining the presence of supercooled large droplets 
made according to the present invention is indicated 
generally at 50, and it comprises a flow duct or channel 

10 52 that is mounted onto an aircraft skin or wall 54 using 
a strut 56. The strut 56 can be airfoil shaped or other 
configurations that are desired, and its length can be 
varied as desired to minimize the effects of the aircraft 
wall on airflow through the duct or channel. 

is [0037] As shown, the duct 50 is made so that it has 
an inlet opening 58 of desired size and cross sectional 
shape, and the inlet opening is defined in the present 
invention as a rectangular shaped opening having side- 
walls 62 converging in the direction of airflow, which is 

20 indicated by the arrow 60. The sidewalls 62 are gener- 
ally tapered inwardly, and curved aft of the inlet and up- 
stream of the narrow section of the channel to improve 
aerodynamics. The inlet is closed with parallel top and 
bottom walls 64 and 66, as shown, to form a channel 

25 inlet 63. The sidewalls 62 converge to a rectangular 
shaped narrow flow channel 70 which is of smaller cross 
sectional size than the inlet opening 58. Thus the airflow 
through the narrow or smallercross section flow channel 
70 will be at a greater velocity than it will at the inlet por- 

30 tion. 

[0038] A first ice detecting probe 72 is mounted in an 
area upstream of maximum constriction, or in other 
words in the channel inlet 63 upstream of the plane in- 
dicated at 76 defining the entry of upstream end of the 
35 narrow flow channel 70. A second probe 74 is mounted 
downstream from the junction line or plane indicated at 
76. Probe 74 is in a region slightly aft of the converging 
side walls in the smaller cross sectional size flow chan- 
nel 70. 

40 [0039] The probe 72 is connected to suitable process- 
ing circuitry 78, through a line 80, and the probe 74 is 
connected through a line 82 to processing circuitry 84. 
The" circuitry 78 v and 84 is conventionally Known, to pro- 
vide excitation for vibrating the probes at their natural 

^5 frequencies, and then to sense the change in natural 
frequency as ice accumulates. The outputs from the cir- 
cuits 78 and 84 are provided to a processor or computer 
86 that will use the signals from the circuitry 78 and 84 
to indicate when icing occurs for example on the probe 

50 72, and when it occurs on the probe 74, and also to cal- 
culate the ratio of the rate of change of frequency and 
thus the ratio of the rate of ice accretion on two probes. 
[0040] As was stated, the droplets that are entrained *\j 
in the airflow that enters the narrow flow channel 70 

55 have different trajectories when they move into the con- 
stricted flow channel 70, as a function of their size. The 
smaller droplets will follow the air stream flow lines eas- 
ily, while the larger droplets are delayed in responding 
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to changes in airflow direction induced by converging 
sidewalls 62 because of relatively greater inertia. This 
results in the larger droplets tending to be directed to- 
wards the center of the constricted flow channel 70, pro- 
viding a heavier concentration of supercooled large 
droplets slightly downstream from the junction of the 
sidewalls 62 with the walls that define the constricted or 
narrow flow channel 70. Probe 74 is positioned at this 
location just downstream of the upstream end of the nar- 
row flow channel, where the supercooled large droplets 
will be concentrated if they are present. Ice detector 
probe 74 thus is going to have an amplified sensitivity 
to supercooled large droplets. An increase in the relative 
icing rate between the probes, which is determined by 
the rate of change of the natural frequency of vibration 
due to icing, will indicate that there are supercooled 
large droplets in the airflow and will indicate a super- 
cooled large droplet (SLD) icing condition. 
[0041] The contracting flow channel sidewalls 62, 
have heaters 89 on the sides for deicing purposes, and 
the walls 62 also have openings or bleed holes 90 that 
will bleed off heated boundary layer air to prevent heat- 
ing influences on the ice detector probes 72 and 74. The 
heaters used are conventionally controlled for ice detec- 
tor use. 

[0042] The current magnetostrictive ice detector sig- 
nal conditioning circuits and software can be adapted to 
drive the probes, and by utilizing a processor computer 
for determining the ratio of the rate of change of the icing 
on the probes, an output can be provided that will indi- 
cate or annunciate supercooled large droplet condi- 
tions. 

[0043] An ice detector 110 made according to a third 
variation of the present invention is shown in Figures 6, 
7 and 8. The ice detector has a large strut 112 that is 
mounted onto the side of an aircraft and supported on 
the aircraft skin 114. The ice detector 110 protrudes into 
the air stream, which is flowing as indicated by the arrow 
116. The strut 112 mounts a large transverse dimension 
or large diameter probe 118. Probe 118 is a magneto- 
strictive probe that will be excited to oscillate at its nat- 
ural frequency, when driven by a suitable excitation/ 
sensing circuit 1 20. The probe 11 8 is made of a suitable 
material, and can have deicing heaters if desired. Probe 
11 8 is mounted on an outer end wall 1 22 of the strut 1 1 2, 
as shown, and adjacent to leading end 112A of the strut 
relative to airflow direction. 

[0044] A second smaller strut 124 is mounted on the 
end wall 122 of the larger strut 112 to the rear of the 
leading end 112A of the large strut 112. The strut 124 
extends laterally outwardly from wall 1 22. Second small- 
er strut 124 mounts a smaller transverse dimension or 
diameter probe 1 26 on the outer end wall 1 25 of the strut 
124. Probe 126 projects into the air stream. 
[0045] The strut 124 positions the probe 126 essen- 
tially out of any disrupted or turbulent airflow caused by 
the larger diameter probe 118. The probe 126 is also a 
magnetostrictive type probe, preferably, and it is excited 
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to its natural frequency through an excitation and sens- 
ing circuit 128. The circuits 120 and 128, in addition to 
providing excitation for magnetostrictive vibration of the 
probes, are used for determining changes in frequency 
of vibration of the respective probes. As ice accretes on 
the probes, the natural frequency changes, and this 
change in frequency is sensed and provided as an out- 
put from the circuits 120 and 128. The outputs from cir- 
cuits 120 and 128 are provided to a processor 130. 
[0046] It should be noted that both of the struts 112 
and 1 24 can be suitably shaped, generally as elongated 
ovals, but could be true airfoil shape or circular if de- .. 
sired. The leading ends 112A and 124A are rounded to 
provide for relatively streamlined airflow around them. 
The probes 118 and 126 are in the airflow, so that any 
supercooled water droplets, regardless of size, will im- 
pinge on both of the probes. 

[0047] However, since the probes have different lat- 
eral dimensions or diameters, they will have different ice 
collection efficiencies. For small droplet size the collec- 
tion efficiency of the smaller diameter probe 126 will be 
higher than the larger diameter probe 118. As the su- 
percooled water droplet size increases the collection ef- 
ficiency of both probes will increase, but the larger di- 
ameter probe 18 will have its collection efficiency rise 
much faster. The amount of ice that accumulates on a 
probe is directly related to the collection efficiency of the 
probe, so that as the droplet size increases, the differ- 
ence in the ice accretion or the ice accumulation rates 
on the two probes will decrease. 
[0048] The collection efficiency is dependent upon the 
inertia of the droplets, probe diameter, and air velocity. 
The efficiency can be described as follows (from LANG- 
MUIR AND BLODGETT, 1974): 

Example: 

[0049] 



40 


d = 


15 micron; D = .25" 










V TAS = 120 knots 


E = 


.8202 






V TAS = 250 knots 


E = 


.8862 




d = 


1 15 micron; D = .25" 










V TAS = 120 knots 


E - 


.9914 


45 




V TAS =250 knots 


E = 


.9941 




d = 


15 micron; D = 1.0" 










V TAS = 120 knots 


E = 


.5328 






V JAS =250 knots 


E = 


.6607 




d = 


115 micron; D= 1.0" 






50 




V TAS = 120 knots 


E = 


.9665 






V TAS = 250 knots 


E = 


.9768 




E = 


Kl (K+He) 










Where 








K = 


P wV TAS d2/(9^D) 






55 




Where 








He = 


Fn (Red) 










Where 








Red = 


pV TAS d/y. 
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[0050] With the following definitions: 

E is the collection efficiency (unitless) 

K is the inertia parameter (unitless) 

Re d is the droplet Reynolds # (unitless) 5 

V TAS is the true airspeed (meters/sec) 

d is the droplet diameter (meters) 

u. is the dynamic viscosity of air (Kg/(sec meter) 

D is the cylinder diameter (meter) . 

pw is the density of water (Kg/m 3 ) 10 

p is the density of air (Kg/m3) 

[0051 ] The two probes 1 1 8 and 1 26 are made so that 
they have similar thermodynamic properties which will 
prevent variations in the probe surface temperatures as is 
ambient temperatures or other environmental condi- 
tions change. The probes are made to have similar 
mass and thermal capacity even though they are differ- 
ent size. As shown, the lengths of the probes extending 
from the respective struts are substantially equal. 20 
[0052] The circuits 120 and 128 provide an indication 
of the ice that is accumulating or has accumulated on 
each of the probes. This information can be provided to 
processor 130, which will monitor the rate at which the 
ice accumulates on the probes as well as the total 25 
amount of ice accretion. The rate of change of frequency 
is an indication of the rate of ice accumulation, and the 
sensed frequency is an indication of the total amount of 
ice accretion. This information can be provided as an 
output 1 32 to the flight crew, or the output can be used 30 
for activating automatic systems for the deicing equip- 
ment. Also, the output can be calibrated so that it will 
classify the rate of icing as either light, moderate or se- 
vere for a particular aircraft. The indications can be dif- 
ferent for each model of aircraft, and can be determined 35 
by wind tunnel tests. 

[0053] Thus, by utilizing an ice detector that has dual 
probes, of substantially similar mass, but different cross 
sectional size or frontal size presented to the airflow, in- 
formation relating to the types of icing can be obtained 40 
easily, and the information about rate of icing or icing 
severity also can be obtained. Comparison of the rates 
of icing on the two probes will indicate presence of Targe 
supercooled water droplets. The ice detector can be 
used with known excitation and sensing circuitry, as well 45 
as known processor software for obtaining the outputs 
that are desired. 

[0054] Referring to Figures 9 and 1 0, an ice detector 
1 50 is mounted onto the side wall skin 1 52 of an aircraft. 
The ice detector in this form of the invention has an airfoil so 
shaped strut 154 that protrudes from the aircraft skin, 
and as shown the leading end is rounded. The airflow 
direction is indicated by the arrow 156. The strut 154 
can be relatively short in axial length, that is in the di- 
rection of protrusion from the aircraft skin. The strut has 55 
a top wall 158 that is substantially planar and mounts a 
leading ice detector probe 1 60 and a trailing ice detector 
probe 162. Probes 160 and 162 both are generally cy- 



lindrical probes that can be of known design utilizing 
measurements of frequency change for determining 
when ice is accumulating on the vibrating probe. The 
probes are separated from each other in flow direction, 
and between the probes there is a flow deflector 164 
which is generally airfoil shaped. The flow deflector 1 64 
has a pressure side 1 66 and a flow guide side 1 68. The 
probe 1 60 is positioned so that the flow around the airfoil 
shaped flow guide 164 is substantially laminar. The flow 
guide 164 provides for a smooth flow of particles, both 
large and small, around the leading end 1 70 of the airfoil 
shaped flow guide 1 64. 

[0055] The small particles or droplets with less inertia 
will tend to remain close to the airfoil shaped guide as 
they reach the trailing side, but the larger particles will 
tend to separate because of their inertia, and will strike 
the trailing probe 1 62. Thus, when there are large super 
cooled droplets in the airflow, the change of icing rates 
between the two probes will indicate when the larger su- 
per cooled water droplets increase in number or density, 
because the trailing probe 162 will show a greater rate 
of accumulation of ice when larger drops are present. 
[0056] As can be seen in figure 10, a circuit 174 can 
be used for determining the change of frequency of each 
of the probes, 160 and 162 individually, and then a proc- 
essor 176 can receive these signals and can calculate 
the ratio of icing between the two probes to determine 
the presence of super cooled water droplets. This cir- 
cuitry is known as is the same as that used with the other 
forms of the invention. 

[0057] The concept of the present invention is to pro-*^^ 
vide a pair of probes, one of which is an ice detecting 
probe that provides an indication of icing from all sizes 
of water droplets in the airflow, and a second probe in 
which the airflow around the probe is altered such that 
the trajectory of droplets is modified to bias the second 
probe to collect supercooled large droplets. The super- 
cooled large droplets have greater inertia.and account 
for a greater percentage of the ice mass accumulating 
on the second probe than on the first probe. 
[0058] This can be done, as shown, by having one 
probe substantially larger, or causing the smaller drop- 
lets to follow flow around an air dam.^nbon centratih cl 
the supercooled large dr oplets by using flow guide s. In- 



ertia, causes a greater percentage of ice on one probe 
to be formed by targe droplets. 




[0059] Stated another way, the pair of probes are con- 
structed or oriented so that the ice collecting on a sec- 
ond of the probes is formed by a greater percentage of 
the supercooled water droplets than the first probe. The 
first probe is in the free standing or free stream region. 
[0060] Even though this aspect of the invention shows 
that the first probe is in the inlet portion of a constricting 
flow, the air stream that is hitting the probe is substan- 
tially a free stream airflow because the inertia! effects of 
the flow along the converging walls that causes the su- 
percooled large droplets to concentrate just aft of the 
junction of the narrow channel 70 and the converging 
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walls 62. In fact, the first probe could be located in the 
free stream air outside of the duct. 
[0061] The term "large" droplet again is defined as a 
droplet that is 50 microns in diameter or "greater. Drop- 
lets that are smaller than 50 microns in diameter are 
small droplets. 

[0062] Although the present invention has been de- 
scribed with reference to preferred embodiments, work- 
ers skilled in the art will recognize that changes may be 
made in form and detail without departing from the spirit 
and scope of the invention. 



Claims 

1 . An ice detector for determining the presence of su- 
percooled large droplet icing conditions and the se- 
verity of icing conditions comprising a pair of probes 
mountable in an air stream, each of the probes be- 
ing thereby subjected to airflow, one of the probes 
having a substantially larger transverse dimension 
than the other probe. 

2. The ice detector of claim 1 , wherein the probes are 
constructed to have similar thermal capacity. 

3. The ice detector of either of claims 1 or 2, and a 
circuit connected to each of the probes to determine 
ice accretion on the probes. 

4. The ice detector of claim 3, and a processor for de- 
termining a rate of ice accretion on each of the 
probes, and for determining differences in the rates 
of ice accretion on the respective probes. 

5. The ice detector of claim 4, including an output from 
the processorthat indicates severity of icing and the 
presence of supercooled large droplet icing condi- 
tions as a function of the signals from the sensing 
circuits. 

6. An ice detector assembly supported in a fluid 
stream carrying supercooled water droplets, the su- 
percooled water droplets ranging in size and includ- 
ing droplets that are large droplets, a first ice detec- 
tor probe mounted to be part of the ice detector as- 
sembly in a position to collect a range of small and 
large supercooled water droplets, a second ice de- 
tector probe mounted to be part of the ice detector 
assembly and configured with the ice detector as- 
sembly such that as the number or large droplets in 
the airflow increases, the rate of ice accretion on 
the second probe increases relative to the first 
probe. 

7. The ice detector assembly of claim 6, and a circuit 
connected to each of the ice detector probes for pro- 
viding an indication of icing on the probes, including 



a signal indicating a rate of collection of ice on the 
respective ice detector probe, and the circuit indi- 
cating a ratio of the rate of collection of ice between 
the first and second ice detector probes to indicate 
5 the presence of large supercooled droplets in the 

fluid stream. 

8. The ice detector assembly of either of claims 6 or 
7, wherein the second ice detector probe is config- 
10 ured with the ice detector assembly to include an 
upstream facing surface having a dimension trans- 
verse to the direction of airflow substantially greater 
than the first ice detector probe. 

15 9. The ice detector assembly of any one of claims 6-8, 
wherein the second ice detector probe is configured 
with the ice detector assembly to be adjacent a flow 
guide that causes the inertial separation. 

20 10. The ice detector assembly of claim 9, wherein the 
flow guide comprises a wall intercepting flow of the 
fluid stream and affecting the movement of droplets 
such that large droplets are biased to engage the 
second ice detector probe. 

25 

11. An ice detector assembly supportable in a fluid 
stream carrying supercooled water droplets and 
flowing relative to the ice detector assembly, the su- 
percooled water droplets ranging in size and includ- 

30 ing droplets that are larger than other droplets, the 
assembly comprising a first ice detector probe 
mountable in substantially free stream conditions, 
a flow guide, a second ice detector probe associat- 
ed with the flow guide such that the flow guide sep- 

35 arates small droplets from the fluid stream striking 
the second ice detector probe without substantially 
affecting small droplets in fluid striking the first ice 
detector probe. 

40 12. The ice detector assembly of claim 1 1 , wherein said 
flow guide comprises a duct that contracts in a fluid 
flow direction, the contraction of the duct being di- 
rected toward the second ice detector probe, the 
second ice detector probe being positioned down- 

45 stream of a downstream end of the contraction, said 
first ice detector probe being spaced sufficiently 
from the downstream end of said contraction to be 
substantially unaffected by fluid flow exiting the 
downstream end of the- contraction. 

50 

1 3. The ice detector assembly of claim 1 1 , wherein said 
flow guide comprises an air dam with a wall trans- 
verse to a fluid flow direction past the ice detector 
probes, and said air dam being positioned adjacent 
55 to and downstream of the second ice detector probe 
for causing a fluid flow direction change so that 
smaller droplets follow fluid flow around the second 
ice detector probe more so than larger droplets. 



BNSDOCID: <EP 1254833A1_I_> 



i 

15 EP 1 254 833 A1 16 



14. The ice detector assembly of claim 11 , wherein said 
flow guide comprises a flow channel having an inlet 
of a first cross sectional size, guide walls converg- 
ing toward a second portion of the flow channel that 

is of a second cross sectional size smaller than the 5 
first cross sectional size, said converging walls con- 
tracting in a downstream flow direction, and said 
second probe being positioned in the second por- 
tion of the flow channel in a region of the path where 
large droplets moving along the converging walls 10 
concentrate. 

15. A method of determining presence of large super- 
cooled water droplets in an airflow having super- 
cooled water droplets of a range of sizes, the su- *5 
percooled droplets causing ice accretion on surfac- 
es on which the supercooled droplets impinge, the 
method comprising providing two ice detector 
probes, configuring one of the probes such that in- 
ertial separation of droplets in the fluid causes a 20 
greater proportion of large supercooled droplets to 
impinge on one of the probes than the proportion of 
large supercooled water droplets impinging on the 
other probe relative to total supercooled droplets in 

the airflow, and determining the ratio of the rate of 25 
change of ice accretion on the two ice detector 
probes to detect presence of large supercooled wa- 
ter droplets in the airflow. 

16. The method of claim 15 including configuring the 30 
one of the probes to have a wider dimension trans- 
verse to a relative airflow direction than the other of 

the probes. 



17. The method of claim 15 including providing a flow 35 
guide for causing inertial separation of small super- 
cooled water droplets from the flow impinging on the 
one probe. 
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